Abstract-We studied the seed morphology and germination of 17 Aristolochia species (A. arborea, A. baetica, A. inflata, A. gigantea, A. gracilis, A. clematitis, A. contorta, A. fimbriata, A. labiata, A. littoralis, A. macrophylla, A. manshuriensis, A. maxima, A. rotunda, A. sempervirens, A. tomentosa, A. trilobata). The seeds of A. clematitis, A. contorta, A. trilobata, A. labiata, and A. maxima, as well as all species of Siphisia section (seeds with no wings), have the higher seed morphometric parameters. The seed weight characteristics of species typical of tropical climatic zones (the Gymnolobus section) were lower by ten or more times than those of the species of the other two sections, which are typical of a temperate climate. The greater weight of seeds studied for the species of Siphisia and Diplolobus sections is associated with the presence of a voluminous endosperm, which is required for the embryo development after a long period of time between dissemination and seedlings emergence. The period from sowing to the beginning of germination and the length of the germination period differ between species; the duration of germination is from 1 month to 3.5 years. The seeds of the species from temperate climatic zones (sections Diplolobus and Siphisia) have a non-deep simple morphophysiological dormancy, and the germination starts 1-11 months after seed sowing. We observed intervals in germination from 2 to 12 months in the species of the Diplolobus section; after the intervals, the germination process was continued. The seeds of most of the Gymnolobus section species from tropical zones have a morphological type of dormancy and germinate without intervals. The prolonged germination period and the type of morphophysiological dormancy of seeds have an adaptive value for the species conservation and survival in situ and ex situ.
The genus Aristolochia L., family Aristolochiaceae (birthwort), is one of the largest taxa; it includes approximately 500 species of trees and herbaceous plants typical of tropical, subtropical, and temperate zones [1] . The species of this genus are of special interest since they can be used as a model for studying the evolution of angiosperms [2] . Many of the species have valuable medicinal properties. A. littoralis is used as an antiasthmatic, analgesic, antihistamine, laxative, antispasmatic, abortive, antidiarrheal, antirheumatic agent, and as an insecticide [3] [4] [5] . It is also used as an antitumor and antipyretic agent and as an antidote for scorpion bites in traditional Mexican medicine [5, 6] . A. contorta is used in case of low blood pressure and liver dysfunction, as an analgesic and laxative agent, and for the treatment of intestinal hemorrhage and pulmonary edema caused by inflammation [7] . An infusion of A. manshuriensis is used in case of rheumatism and radiculitis, as a diuretic and analgesic agent, as well as in cases of snake bites, thyrotoxicosis, stomatitis, diuretic disorders, and hematuria [8] . The species of the genus Aristolochia are a promising source of new pharmaceutical agents since they contain a wide range of biologically active components [7] . The ornamental species of Aristolochia are cultivated for interior gardening and landscape compositions. A number of taxa are rare, endemic, or relict species that belong to the Tertiary Period [9] ; they need some special scientific approaches for the gene pool conservation in situ and ex situ.
The first stage in the investigation of basic and applied aspects in the reproduction of valuable and rare plant species is the investigation of morphometric parameters and the process of seed germination. For some species of the genus Aristolochia discussed in this article, some data on the morphological properties [10] and germination process [11] [12] [13] [14] [15] [16] [17] [18] are described in literature. The mature seeds of many plants are in the state of endogenic organic dormancy [19] and germinate after a certain time period after seed sowing. This property has an adaptive value and provides the survival of seeds in unfavorable conditions. The morpho-logical dormancy is typical of the seeds of A. debilis Sieb. et Zucc. [18] , A. esperanzae O. Kuntze [16] , and A. fimbriata Cham. [2] . The morphophysiological type of dormancy is typical of the seeds of A. galeata Mart. et Zucc. [17] , A. baetica L. [15] , A. macrophylla Lam., A. manshuriensis Kom., A. tomentosa Sims [13] , A. paucinervis Pomel. [15] , and A. californica Torr. [13] . There are little literature data on these species, and the biological properties of seeds in many species are not fully studied.
The main purpose of this study is to investigate the morphometric parameters and features of seed germination in the species of Aristolochia.
MATERIALS AND METHODS
The study was conducted in the Botanical GardenInstitute of the Far East Branch of the Russian Academy of Sciences (Vladivostok, Russia) and the Federal Scientific Center of the East Asia Terrestrial Biodiversity (Vladivostok, Russia).
We studied 17 species of the genus Aristolochia. For the classification of species, we used the system proposed by Gonzalez and Stevenson [1] . The subgenus Orthoaristolochia includes five species of the Diplolobus section and nine species of the Gymnolobus section. The subgenus Siphisia includes three species of the Siphisia section. The seeds of two species (A. contorta Bunge and A. manshuriensis) were collected in natural populations in the southern populations of Primorsky krai (Russia). The size and weight parameters of seeds, as well as their external structure, were investigated by traditional methods: we measured the length and width of seeds with and without wings, the area of seeds, and the weight of 100 seeds.
The seeds were sown for germinating in Petri dishes on the surface of wet annealed sand in natural light conditions. The germinability of seeds was calculated as the ratio of germinated seeds to the total amount of seeds in percent. The appearance of the first seedling after the inoculation date was marked as the beginning of germination; the appearance of the last seedling was marked as the end of germination. The infection and decaying of seeds was considered as the end of observations. If some seeds remained in the state of dormancy (i.e., the germination was delayed) with normal external appearance and without signs of infection, a pause in germination was recorded. The duration of the germination period was determined as the time period from the seed sowing date to the end of observation. Seed defects were estimated visually.
The results are presented as arithmetic means with the standard errors. The sample size (n) reached 40 or more for the seeds of all species except for A. baetica (n = 20). The seed germination was performed in three replicates for 30 pcs. For the statistical treatment of data, we used Statistica 9.0 and MS Excel 2010.
RESULTS AND DISCUSSION
Morphometric parameters of seeds. The seeds of studied species have a rounded triangle or cordiform shape (Fig. 1) (Fig. 1) . In some species, the dorsal side has a pronounced aril, i.e., strophiole. The strophiole of A. macrophylla and A. manshuriensis has the same shape and thickness as the seed and can be easily separated from it. The mature seed of A. clematitis is completely surrounded by a cancellous porous aril. A thin filmy strophiole of A. contorta, A. gracilis, and A. gigantea is completely adhered to the seed, while it is partially adhered in A. maxima. The strophiole of other species is negligible.
The seeds of all studied species can be divided into two groups: with and without wings ( Fig. 1 , Table 1 ). Seeds with wings are typical of A. contorta from the Diplolobus section and almost all the species of the Gymnolobus section. At the same time, the seeds of A. arborea and A. fimbriata (Gymnolobus section) have no wings. We can assume that the presence of wings is not a classification criterion for the sections. The seeds of studied species of the Siphisia section (A. macrophylla, A. manshuriensis, A. tomentosa) has no wings.
The presence or absence of wings determine the way of dissemination. The seeds with wings are anemochorous. The seeds with no wings and with cancellous porous aril are disseminated by water. It has been found earlier [20] that the seeds of A. clematitis can remain in the river water flow for a long period of time due to cork tissue (up to 9 months). The seeds of A. arborea, A. fimbriata, A. rotunda, and A. tomentosa can be abscised by gravity (barochory). The seeds of A. manshuriensis and A. macrophylla have band-like appendages, which provide increased gliding ability (anemochory); the falling seeds have an oblique trajectory due to gravity. The seeds of А. baetica have an edible strophiole and are disseminated by ants [15] .
The seeds of studied species have different morphometric parameters (Table 1 ). The size parameters are higher in A. clematitis, A. contorta, A. trilobata, A. labiata and A. maxima and all the species of the Siphisia section with no wings (Table 1) . Other species have smaller seeds. Notably, we found no significant differences between our data and the literature data [10] . Insignificant deviations in the size of some seeds can be caused by the heterogeneity of seeds in terms of size and weight.
The analysis of seed weight showed that the weight of seeds in tropical species (Gymnolobus section) is lower by ten or more times as compared with the other two sections, which include the species of the temperate zones (Tables 1, 2 ). This can be a specific trait of the Gymnolobus section due to the genetic proximity of species.
According to our data, the weight of the seeds of A. clematitis is higher by two times as compared to the literature data [11] . However, the literature data correspond with the values obtained for the other species of the Diplolobus section. The analysis of morphometric parameters of seeds showed that the proportion of seed defects in the fruits of A. clematitis reaches 45.8%. The weight of seeds of A. macrophylla, A. tomentosa and A. manshuriensis is comparable with the data obtained by Adams et al. [13] . In general, the morphometric parameters of seeds in A. manshuriensis and A. macrophylla are similar. Some authors think that the size, shape, weight, and color of seeds and the size of embryo and seedling in A. manshuriensis are the same as in A. macrophylla [13] . The similarity of these species can be caused by their common evolutionary development. According to the genetic data of González et al. [9] , these species had a common ancestor and were separated approximately 8 million years ago. At the same time, both species still have some traits in common. This phenomenon is called evolutionary stasis [14] .
The area of seeds varies from 10 mm 2 (A. fimbriata and A. rotunda) to 80 mm 2 (A. tomentosa) ( Table 1 ). The lowest area of seeds was recorded in the species of Diplolobus and Gymnolobus sections without wings. In the Siphisia section, this value is higher, since the absence of wings is apparently compensated with increased size and plain shape of seeds, which provide their successful dissemination.
Seed Germination. The data on germinability are presented in Table 2 . The species of the Diplolobus section inhabit temperate and subtropical climate zones, and their seeds have the hypogeal germination of germination. The germinability varied from 24 to 64% depending on the species. The species of the Gymnolobus section inhabit humid tropical zones, mainly in South and Central America; their seeds have an epigeal germination. The germinability varied in a wide range; the proportion of germinated seeds in most species reached 84-100%. The studied species of the Siphisia section inhabit temperate climate zones. The germination type is epigeal; thegerminability is over 50% ( Table 2) . Low germinability (A. maxima) or the absence of germination (A. arborea, A. labiata) can be caused by underdevelopment of the embryo, which is typical of this genus [13-15, 19, 21] , differences in the level of dormancy, or internal seed infection in the germination period, which leads to the death of sprouts (A. arborea).
The analysis of data on the germination of seeds in Aristolochia showed that the time period between sowing and first seedling can be different (Fig. 2, Table 3 ). In the species of Diplolobus section with several studied specimens, the time interval between calendar dates of germination start reached 15-60 days (A. clematitis, A. rotunda, A. sempervirens) to 122-275 days (A. contorta). In the species of the Gymnolobus section, the seeds started germinating 15-30 days after sowing (A. littoralis, A. trilobata) or at the same day for all the specimens (A. fimbriata). Among the species with only one specimen studied, the shortest and the longest time interval between sowing and germination was observed in A. gracilis and A. baetica, respectively. The seeds of some species had a pause in germination; i.e., some part of seeds remained in the state of dormancy for 60-365 days and then started to germinate again (Table 3 ). The total duration of the germination period varied significantly between different species and specimens. The seeds of A. clematitis were germinating for more than 3 years with two pauses. Some seeds of A. contorta had a pause in germination; the longest duration of the germination period reached 533 days ( Table 3 ). The seeds of A. baetica and A. sempervirens (Diplolobus section) had no pause in germination. The seeds of A. fimbriata were germinating for approximately 2 years with one pause; the seeds of other species of the Gymnolobus section were germinating for 30-92 days. The seeds of the Siphisia section had no pause in germination (Fig. 2, Table 3 ).
The species of the genus Aristolochia have a low level of differentiation, large endosperm and multilayer seed coat [13] [14] [15] 21] . For example, the ratio of the embryo length and the seed length in A. baetica and A. contorta is 13% [15, 21] , 12.5% in A. bracteata [22] , 6.2% in A. clematitis [11] , 8% in A. galeata [17] , 9% in A. paucinervis [15] , 38% in A. californica, 23% in A. macrophylla [13] , 21% in A. manshuriensis [13] , and 27% in A. tomentosa [13] . According to the classification of Baskin and Baskin [19] , a embryo size of less than 25% of the seed length is considered as an underdeveloped. The morphological underdeveloped of the embryo and its physiological state determine the type of endogenous dormancy of seeds and the type of their germination. For the completion of postembryonic development and growth, which are important for breaking the seed coat, the embryo needs optimal temperature and time period, which differ between species. We did not conduct a cold stratification test; therefore, the end of differentiation and germination were observed at a temperature of +22-24°C. For the seeds of A. contorta, we conducted the cold stratification test; however, we observed no reduction of the time period between seed sowing and germination start and no increase in the total germinability. The embryo differentiation in A. contorta requires a positive temperature [21] . The seeds of this species have a non-deep simple morphophysiological dormancy [23] . According to our data, the seeds of this species can germinate with or without a pause in germination; i.e., some of the seeds have a deeper dormancy ( Table 3 ). The seeds of A. clematitis and A. rotunda have a non-deep simple morphophysiological dormancy; this is proven by the period of complete development and a pause in germination similar to that in the seeds of A. сontorta. The seeds of other species of the Diplolobus section, such as A. baetica, have morphological and non-deep simple morphophysiological dormancy [15] ; the seeds of A. paucinervis have intermediate complex morphophysiological dormancy [15] .
The seeds of the Gymnolobus section, except for A. fimbriata, have no pause in germination; i.e., they have a morphological type of dormancy.
The seeds of A. fimbriata germinate with a pause; the type of dormancy is morphophysiological. However, some of the seeds have morphological dormancy, which is proven by germination in 1 month after seed sowing with no pause. The species of the Gymnolobus section inhabit tropical climate zones; therefore, the seeds probably need warm stratification with shorter time interval than in the species of Diplolobus section.
According to Adams et al. [13] , the seeds of the species of Siphisia section, such as A. macrophylla, A. manshuriensis and A. tomentosa, have morphological and non-deep simple morphophysiological dormancy. Our results correspond with the literature data ( Table 3) .
The germination of seeds of the same species with or without pauses with variable duration (Table 3) reflect their physiological heterogeneity, which results in differences in the type and depth of dormancy and the duration of germination period (A. clematitis, A. rotunda, etc.).
As we mentioned above, the seed weight in the species of sections Diplolobus and Siphisia inhabiting temperate climate zones is higher by approximately ten times than in the species of Gymnolobus section inhabiting tropical zones. Since the seeds of sections Diplolobus and Siphisia have a morphophysiological type of dormancy, greater seed weight can be explained by the presence of a voluminous endosperm, which is needed for the survival of seeds during long time periods between dissemination and germination. Seed dormancy of varying depth and long germination period are apparently needed for the survival of seeds in unfavorable conditions. Thus, the analysis of obtained results showed that 17 species of the genus Aristolochia have some common and specific morphometric traits. Most of stud- ied species have seeds with wings, except for A. contorta (Diplolobus), A. arborea, and A. fimbriata (Gymnolobus). The wings of seeds are not a systematic trait but they have an adaptive value for wind dissemination. The absence of wings in the species of the Siphisia section is compensated by the plain shape and greater area of seeds. The seed weight in Diplolobus and Siphisia sections is significantly greater than in the Gymnolobus section, which may be caused by the temperate climate conditions.
The period between seed sowing and germination and the total duration of germination period differ between species; the seeds can germinate for a period from 1 month to 3.5 years. The seeds of the species from temperate climatic zones (sections Diplolobus and Siphisia) have a non-deep simple morphophysiological dormancy; the germination starts 1-11 months after seed sowing. Due to the physiological heterogeneity of seeds and different depth of dormancy, some species of the Diplolobus section had a pause in germi- nation for 2-12 months; the seeds reached the state of dormancy and then started to germinate again. The seeds of most of tropical species in the Gymnolobus section have a morphological type of dormancy and no pause in germination. The prolonged germination period and the type of morphophysiological dormancy of seeds have an adaptive value for the species conservation and survival in situ and ex situ.
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